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Kaolin is non-metallic minerals of clay mineral and its main component is 
kaolinite, which are widely used in papermaking, ceramics, refractories, 
pharmaceutical, chemical, petrochemical and other fields. Kaolinite possesses a 1:1 
layer structure constructed of [AlO6] octahedral and [SiO4] tetrahedral sheets, which 
is the preferable natural material for its low cost and wide availability for synthesizing 
aluminosilicate zeolites. However, crystalline kaolinite has high chemical inertness, 
and cannot be utilized for synthesizing zeolites directly. So prior to application for the 
synthesis of zeolites, kaolinite has to be calcined at high temperatures (700 ~ 900 °C) 
to reduce its chemical resistance by converting to amorphous metakaolin. Moreover, 
the calcined metakaolin from natural kaolin inherently contains impurity minerals, e.g. 
quartz and muscovite that adversely affect the qualities of zeolites products.  
During calcination conversion of kaolin to metakaolin the hexa-coordinated AlVI  
in the former disproportionate to form mixed tetra-coordinated AlIV and 
penta-coordinated AlV, which are soluble in acid solutions. During the 
depolymerization of aluminosilicates containing tetra-coordinated AlIV, Al3+ is 
released by breaking Al–O–Si bonds after H+ ion attacking. Low temperature 
hydrothermal alkaline activation (160 ~ 240 ℃) were employed in this paper to turn 
AlVI into AlIV completely. Through optimizing series ofacid depolymerization 
conditions, the depolymerizeed kaolin was utilized to synthesize various zeolites as 
raw materials. The primary advantage of this route is that the impurity minerals such 
as muscovite and quartz in the kaolin raw material can be eliminated or transformed 
to the chemical components of the target products. In addition, the zeolite A product 
from this new route has more uniform particle sizes and morphologies, higher 
brightness, and enhanced cation-exchange capacity than its counterpart from the 
conventional calcination technique.  















among [SiO4] tetrahedra, the stable [SiO4] tetrahedra would prevent the 
tetra-coordinated AlIV being attacked by H+ ions during the depolymerization 
processes. The addition of quartz in this system must aggravate this situation, so the 
main challenge for depolymerization of kaolin and quartz is to avoid the formation of 
acid-insoluble aluminosilicates during the activation process. On this basis, after 
exploring and optimizing experimental parameters, nanoscale Y-type zeolite, 
mordenite, zeolite ZSM-5 and zeolite SAPO-34 were synthesized and providing a 
foundation for synthetic zeolite from kaolin ore immediately. 
Depolymerization of kaolin solved the key issues to overcome the dependence of 
silicon and aluminum component on raw materials resources and make it possible for 
kaolin to be applied to of a high value-added field. This is the first successful 
synthesis of a silica-alumina feedstock gas gel.Silica-alumina aerogel material owns 
an extremely low density and high specific surface area, which is a typical porous 
material, excellent catalyst carrier and thermal insulation material. The composition of 
kaolin is similar to the silica-alumina aerogel but kaolin can’t be utilized as synthetic 
raw material for silica-alumina aerogel. After calcined, the crystal structure of kaolin 
is damaged, but the silica and alumina are still high polymerization, so the cleavage 
and rearrangement of silica and alumina are only occurred in fierce mineralization 
conditions. And the silica and alumina in acid kaolin solution are lowly 
polymerization, so it can be applied to produc functional materials in mild synthetic 
conditions. Therefore, our work firstly opens a new way for the synthesis of 
silica-alumina aerogel, using low-cost natural kaolin in comparison with the 
conventional technique with expensive chemical reagents. Hydrothermal alkali 
activated kaolin was dissolving and cleavage in acid solution, then aging to hydrogel, 
after solvent replacement, alcogel was obtained, silica-alumina aerogel obtained 
finally by modification, skeleton reinforcement and atmospheric drying. 
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